Broad-host-range plasmids coding for 1-lactamase were successfully selected after transformation of Pseudomonas strains. Transformants of both Pseudomonas aeruginosa and Pseudomonas putida containing plasmid pRO1614 were isolated in media containing low concentrations of piperacillin. These strains were also susceptible to other ureidopenicillins. Similar selections of transformants with carbenicillin, ampicillin, or ticarcillin required high concentrations of antibiotics and yielded backgrounds of spontaneous resistant mutants.
Molecular cloning of chromosomal DNA in Pseudomonas aeruginosa has required the development of special broadhost-range vectors. Bagdasarian et al. (1) , Wood et al. (17) , and Olsen et al. (11) have reported the construction of plasmid cloning vectors which overcome the limited host range of pBR322 but take advantage of the utility of special cloning sites within this plasmid and its selective antibiotic resistance features. In practice, tetracycline resistance is an appropriate selective marker in Pseudomonas spp. because transformants can be selected reliably, even at low frequency. However, if the BamHI site of pBR322 derivatives is used for the insertion of a piece of hetero-DNA, then the tetracycline resistance gene is inactivated, and transformants must be selected by the TEM-type 13-lactarnase determinant (3, 9) or by direct selection for an acquired trait.
P. aeruginosa is unusually resistant to a variety of antibiotics and chemotherapeutic agents, including the penicillins. The broad-spectrum penicillins carbenicillin (7) , ticarcillin (16) , and ampicillin (12) have been used with limited success in vivo in the treatment of severe Pseudomonas infection and in vitro to select for transformants in P. aeruginosa (17) . One drawback in particular to the use of carbenicillin in a host-vector system for P. aeruginosa is the high concentration (0.5 to 0.75 mg/ml) required for selection of recombinant plasmids. Transformation experiments in this laboratory with some strains of P. aeruginosa resulted in large numbers of resistant colonies that were not transformants. A satellite phenomenon was also observed on carbenicillin plates, suggesting that P-lactamase was night cultures of each isolate were diluted in Mueller-Hinton broth (Difco Laboratories, Detroit, Mich.), and turbidity was adjusted to a 0.5 McFarland standard (ca. 108 CFIJ/ml). Serial twofold dilutions of antibiotics in Mueller-Hinton broth and broth cohtrol were dispensed into microtiter plates and inoculated with culture suspensions by using a Dynatech multitip plastic inoculator. The plates were covered and incubated at 30°C for 18 to 22 h. The MIC was defined as the lowest concentration of antibiotic which prevented visible growth.
The in vitro activities of the ureidopenicillins, piperacillin, azlocillin, and mezlocillin, were compared with the activities of other beta-lactam antibiotics against P. aeruginosa and P. putida (Table 2 ). Piperacillin at a concentration of 8 ,Lg/ml effectively inhibited two strains of P. aeruginosa, both of which were resistant to >256 ,ug of ampicillin per ml. Piperacillin activity was also superior to that of other ,B- A Sau3A-digested gene library of P. aeruginosa chromosomal DNA was created by cloning into the unique BamHI site of plasmid vector pRO1614. Initial attempts at isolating transformants in P. putida were unsuccessful because of backgrounds approximating 15 to 20% of the total number of transformants, even in the presence of 750 ,ug of carbenicillin per ml. Our inability to isolate reasonable numbers of recombinants in the PpG1900-pRO1614 host-vector system originally prompted our search for a niore efficient selective agent.
Plasmid DNA was purified by a modification of the combined methods of Guerry et al. (6) and Olsen et al. (11) . Chromosomal DNA was extracted by the procedure of R. Maurer (private communication). Restriction endonuclease digestions and ligation were performed as described by the supplier (Bethesda Research Laboratories, Gaithersburg, Md.). PAO1 genomic DNA was partially digested with Sau3A to maximize the yield of fragments between 1.5 and 6.0 megadaltons, which were inserted into the plasmid BamHI site in a 2.5-fold excess of fragments to vector. Sau3A cleavage of genomic DNA generates a nearly random population of high-molecular-weight, overlapping linear fragments with the recognition sequence GATC (8) . Because Table 3 , 25 ,ag of pipericillin per ml permitted the unambigu'ous isolation on the average of over 7, 600 vector-contaiiling transformants per ,xg of plasmid DNA.
Despite a decrease in the cloning efficiency of plasmid pRO1614 when ligated to hetero-PAO1 DNA (Table 3) , transformarits could still be selected ekpediently. Azlocillin and mezlocillin should be as effective as piperacillin for selection, although these were not tested directly in transformation experiments. Successful insertion of hetero-DNA inactivates the tetracycline resistance region of the Vector, resulting in tetracycline susceptibility. An average of 51% of the piperacillin-resistant transformants isolated contained chromosomal inserts at their BamHI sites.
